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Continuing our previous studies, th e  food of pike-perch was investigated  
in  L ake B alaton  during 1970 and  1971, in  order to  com plete th e  d a ta  available. 
Now we have a sufficient basis for giving a  general idea of th e  nu tritiona l- 
ecological role p layed by  th e  3 — 5-year-old specimens representing th e  m ajority  
of th e  pike-perch population  in the  lake, as well as for com parison o f qualita tive 
an d  qu an tita tiv e  characteristics of th e  food for several years back. Such a 
com parison m ay lead to  valuable conclusions from  th e  po in t of view of bio­
logical processes accom panying th e  rap id  eu trophication  o f L ake B alaton  
observed during th e  recent years. Thus e.g. i t  is very  likely th a t  th e  decrease 
in ra te  of grow th o f pike-perch as com pared to  th e  d a ta  ob tained  some 40 years 
ago is a resu lt of changes tak ing  place during th e  las t decades in th e  ecosystem  
of th is  shallow lake (Un g e e , 1931; B ir ó , 1970).

This fac t can be b rough t in to  d irect connection w ith  th e  qu an tita tiv e  
insufficiency o f th e  food o f pike-perch already  in terp re ted  by  W o y n á r o v ic h  
(1959). Sim ilar conclusions were draw n by  our earlier papers evidencing th e  
low food tu rnover o f pike-perch in L ake B alaton  (B ir ó  an d  E l e k , 1969; 
B í r ó , 1969). The slow an d  uneven grow th appearing in  consequence of u n d er­
nourishm ent during fry  stage (B i r ó , 1972b) which is of critical significance, 
decisively influences th e  fu rth e r developm ent o f pike-perch.

S e b e s t y é n  (1967) has po in ted  ou t th a t  th e  role of fishes p layed  in  th e  
ecosystem  is th e  easiest to  approach from  th e  side of n u tritio n  and  grow th. 
Accordingly, we a tte m p t to  analyze th e  n u tritio n a l biology an d  role o f pike- 
perch in th e  lake. Therefore, th e  presen t paper was in tended  a t  com paring 
th e  food o f th e  pike-perch for several years back. Furtherm ore, an  answer 
was searched for th e  question of th e  effect of pike-perch on th e  food-fish po­
pulations o f L ake B alaton  and  of th e  in te rp re ta tio n  of this niche in th e  eco­
system  of th e  lake.

M a ter ia l a n d  m eth o d s

Our m ateria l was collected during 1970 and  1971 p a rtly  b y  m eans of 
a  special stom ach-pum p (W o y n á r o v ic h , 1958) p a r tly  by  preparing th e  in ­
te rn a l organs o f pike-perches, carried ou t b y  fisherm en o f F ish-farm s of
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B alaton . W e investigated  th e  stom ach con ten t of fish of 300—500 g body 
w eight group representing th e  m ajo rity  of th e  annual p ike-perch catch. T hey 
were fixed  in  4 percent form alin separately  un til th e  analysis. The stom ach 
conten ts were analyzed in  a  P e tr i  dish under stereom icroscope a fte r dilution 
w ith  water.

Conclusions were draw n for th e  qualita tive  change of th e  food from  
th e  seasonal d istribu tion  of th e  species. As possibility offered we determ ined 
th e  degree of digestion o f th e  food (Forttjnatova, 1950), th en  th e  prey- 
fishes found in  th e  stom ach conten t were identified  in  th e  cases o f Cyprinids 
on th e  basis of pharyngeal tee th  (Vásárhelyi, 1956; Berinkey, 1966) or 
som etim es on th e  s tru c tu re  of scales (Dyk, 1956). In  th e  cases o f Percids 
th e  species could be distinguished depending on th e  degree of digestion, on 
th e  basis of m orphology o f th e  operculum , preoperculum , dentale, scales and  
th e  stom ach, of num ber o f pyloric appendices as well as on th e  com position 
o f th e  stom ach-content (Berinkey, 1958; 1966; Dyk, 1956; Woynárovich, 
1959).

The qu an tita tiv e  evaluation  o f th e  food was carried o u t on th e  basis 
o f num ber of fishes found in  th e  stom ach as well as for th e ir m easured or 
reconstructed  weights. The stom ach contents were d ivided in to  six groups 
according to  th e ir weights an d  th e  pike-perches were eva lua ted  according 
to  th e ir percentual d istribu tion  w ithin those groups. The sum  o f th e  original 
body w eight o f th e  food-fishes was estim ated, th e  group averages were cal­
cu lated  w ith  th e  values o f s tan d ard  deviation an d  varia tion  coefficients. 
The food coefficient was calculated from  th e  connection of th e  ac tua l weight 
of th e  stom ach-content an d  th e  body  w eight of th e  pike-perch. F o r th e  re ­
constructions of th e  weights, th e  allom etric equations of length-w eight re ­
lationships determ ined for d ifferent fish species were used. The determ ination 
of th e  tim e of digestion belonging to  different tem peratu re  ranges was carried 
ou t b y  m eans of th e  m ethod o f Molnár e t al. (1967), allowing us to  draw  
conclusions on th e  in ten sity  o f nu trition . The daily  an d  m onth ly  quantities 
o f th e  food as well as th e  daily  and  m onth ly  ra tions of food are given using 
th e  m ethods of Bajkov (1935) and  F ortunatova (1950).

The stom ach contents of altogether 3347 pike-perches were analyzed 
during 1970 and  1971.

Results

The quality of food of pike-perch

More or less digested food was found in th e  stom ach of 909 from  1118 
pike-perches in  1970, containing 1806 food-fishes, 1472 of which could be 
identified, whereas 334 could n o t because o f th e  advanced  stage o f digestion 
(Table I ,  Fig. 1). The food was included th e  following fish species in  a  sequence 
of decreasing frequency: ru ff  (Acerina cernua), b leak (Alburnus alburnus), 
pike-perch fry  (Lucioperca lucioperca L.) and  bream  (Abramis brama). A l­
together 10 species were found in  th e  stom achs, am ong them  th e  b leak  was 
predom inating except in  A ugust when the  num ber of fry  of th e  m ost common 
Percids (ruff, pike-perch) suddenly increased in  th e  food. The significance 
o f th e  o ther species is lower in th e  food, th ey  represen t only 0.3 —4.5 percen t.
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F ig . 1. The food sp ec tru m  o f p ike-perches in  L ake B a la to n  o f 300 — 500 g body  w eight 
d u rin g  1970. T he p e rcen tu a l d is tr ib u tio n  o f  food-fishes, n  =  th e  n u m b er o f p ike-perch

stom achs con ta in ing  food

11
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TABLE I
The distribution of fish-remains found in  the pike-perch stomachs during 1970

May June July Aug. Sept. Total

N 177 2 2 6 2 9 4 187 2 3 4 11 1 8
n 119 17 9 2 5 4 182 17 5 90 9
e 58 47 40 5 5 9 2 0 9
Alburnus alburnus 57 74 52 72 116 371
Acerina cernua 4 6 57 41 4 4 7 2 5 6 1 6
Lucioperca lucioperca 12 2 9 69 112 2 9 251
Lucioperca volgensis 6 13 22 2 2 3 66
Abramis brama 21 2 6 28 18 14 107
Blicca bjoerkna — — 1 2 2 5
Rutilus rutilus 19 11 7 ___ 2 39
Neogobius fluviatilis 1 1 2 2 1 7
Rhodeus sericeus amarus — — 2 — 3 5
Pelecus cultratus — — — ___ 5 5
Identified fish 162 2 1 2 2 2 5 67 3 2 0 0 147 2
Unidentified fish 16 42 10 3 110 63 3 34
Total num ber of fish 178 2 5 4 32 8 78 3 2 6 3 180 6
Dreissena polymorpha 2 2 1 — — 5
W ater-weed fragm ents — 1 2 3 1 7

N  =  T otal num ber of stomachs investigated 
n  =  N um ber of stomachs containing food
e =  N um ber of em pty  stomachs (including some pulpy content)

Lucioperca volgensis an d  roach (Rutilus rutilus) are qualified as occasional 
food. The form er occured m ore freq u en tly  during th e  sum m er m onths and  
th e  la tte r  did  during May. A recently  p ropagated  Ponto-C aspian goby (Neo- 
gobius fluviatilis) could be found in  th e  stom achs in  every  m onth , although 
in  a  sm all num ber of individuals. This species has been living in  th e  lake 
probab ly  for quite some tim e (Bmó, 1972a). Blicca bjoerkna, th e  b itterling  
(Rhodeus sericeus amarus) an d  Pelecus cultratus occurred in  th e  certain  
m onths. The la tte r  m ay p lay  a m ore considerable role during au tum n. A p art 
from  fishes, sporadically mussels (Dreissena polymorpha) an d  w ater-w eed 
fragm ents were also found in  the  stom achs.

F ood was found in  982 (44.1 percent) of th e  2229 pike-perches investig­
a ted  during 1971, while th e  stom ach o f 1247 (55.9 percent) was em pty . A l­
together 1916 prey-fishes were found, we succeeded in  identifying 1626 speci­
m ens b u t failed in  290 cases (Table I I ,  Fig. 2). The food contained m ainly 
b leak  (Alburnus alburnus) an d  ru ff  (Acerina cernua), p ike-perch fry  (Lucio- 
perca lucioperca)  as well as b ream  (Abramis brama)  also occurred. A ltogether 
13 fish species were found in  th e  stom achs during th a t  year. Leucaspius de- 
lineatus, eel (Anguilla anguilla) and  crucian carp (Carassius carassius) were 
f irs t observed in th e  stom achs, however, because o f th e ir low num ber, th ey  
are o f less significance. A p art from  th e  m ain four prey-fishes, th e  increasing 
ra te  o f Blicca bjoerkna and  Neogobius fluviatilis was characteristic , whereas 
th e  am oun t o f roach was th e  sam e as in  1970. Dreissena was also observed and  
several sm all specimens o f Unio and  Anodonta of 1—2 cm shell leng th  were 
encountered, too.
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F ig . 2. T he food sp ec tru m  o f  p ike-perches o f  300—500 g b o d y  w eigh t in  L ake B a la to n  
d u ring  1971. (E x p lan a tio n  as in  F ig . 1 )
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TABLE II

The distribution of fish-remains found in  the pike-perch stomachs during 1971

June July Aug. Sept. Nov. Total

N 451 400 618 468 292 2 229
n 202 138 210 228 204 982
e 249 262 408 240 88 1 247
Alburnus albumus 74 48 6 444 144 716
Acerina cemua 21 12 116 20 196 365
Lucioperca lucioperca 159 22 48 12 8 249
Abramis brama 35 18 44 12 60 169
Neogobius fluviatilis 6 14 6 4 2 32
Rutilus rutilus 13 4 10 — 10 37
Lucioperca volgensis 7 6 8 — — 21
Blicca bjoerkna 8 2 — — 8 18
Pelecus cultratus 1 — — 8 — 9
Leucaspius delineatus — — — 4 — 4
Anguilla anguilla 3 — — — — 3
Rhodeus sericeus amarus — — — — 2 2
Carassius carassius 1 — — — — 1
Identified fish 328 126 238 504 430 1 626
U nidentified fish 46 42 60 72 70 290
Total num ber of fish 374 168 298 576 500 1 916
Dreissena polymorpha 3 — 2 — — 5
Unio and Anodonta sp. — 2 2 — — 4
W ater-weed fragm ents 1 4 — — 6 11

The size of prey-fish
T he average sizes of th e  m ost frequen t six food species changed parallel 

w ith  th e  qualita tiv e-q u an tita tiv e  com position of th e  food. M ainly o f the
5.5 — 7 cm bleak specimens were eaten  (Figs 3 an d  4), whereas th e  body 
length  o f ruffs flu c tu a ted  betw een 4 and  6 cm ( Figs 5 an d  6)  except in A ugust 
1970, when th e  3.5—4 cm specimens predom inated. The body leng th  of pike- 
perch fry  were m ostly  betw een 7 and  8 cm during th e  spring an d  early  sum m er 
season, corresponding to  th e  sizes o f th e  overw intered specimens. In  A ugust 
1970 an d  Ju n e  1971 th e  average size was 2.5—5.5 cm indicating an  increasing 
role of fry  masses in the  food o f pike-perches ( Figs 7 an d  8) . Sim ilar changes 
appeared  in  th e  size d istribu tion  of Lucioperca volgensis \(Figs 9 an d  10), 
th e  bream  (Figs 11 an d  12) and  th e  roach (Figs 13 and  14). T he m axim al 
length  of prey-fishes was 14 cm (several Pelecus specimens).

The allom etric equations calculated  for th e  prey-fishes i.e. th e  length- 
w eight relationships indicate th e  ra te  o f grow th o f th e  linear body  size in th e  
function  of th e  increase o f body weight, an d  in addition, allow us to  carry  ou t 
a  m ore exact reconstruction o f th e  original body w eight a t  th e  qu an tita tiv e  
evaluation o f th e  food. The calculated  equations for th e  d ifferent fish species 
are as follows:

B leak:
R u ff:
P ik e -p e rch  fry : 
B ream :
R o ach :
G oby:

log W  =  —4.6731 +  2.8865 • log L  
log W  =  —4.8993 +  3.0855 • log L  
log W  =  —4.6088 +  2.8379 • log L  
log W  =  —4.8146 +  3.0644 • log L  
log W  =  —4.9698 +  3.1441 • log L  
log W  =  —5.0386 +  3.1398 • log L

where W  is th e  body weight in  gram s an d  L  is th e  s tan d ard  length  in mm.
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Fig. 3. The size d istribu tion  of bleak 
(A lburnus alburnus)  in  the  food of 

pike-perch in 1970

Fig. 4. The size d istribution  of bleak 
( A lburnus alburnus)  in  the  food of 

pike-perch in  1971
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*Fig. 6. T he size d is tr ib u tio n  o f  ru f f  
( Acerina cernna)  in  th e  food o f p ike-perch  

in  1971

Fig. 7. T he size d is tr ib u tio n  o f  p ike-perch  
f r y  (Lueioperca lucioperca)  in  th e  food o f  
o lder p ike-perches d u rin g  d iffe ren t m o n th s 

o f 1970

The number of consumed prey-fishes

The m ajority  o f th e  pike-perch stom achs (56 percent) contained 1—2 
fish  in  1970, whereas those containing 2 — 3 fish were less frequent. Only in 
A ugust could be observed an  ab ru p t increase o f prey-fishes m axim ally up  to  
15 per stom ach because o f th e  sm all sizes o f th e  fry  (Fig. 15). In  Ju n e  1971 
th e  m axim al num ber of fish consum ed b y  one pike-perch was 28 an d  in  N o­
vem ber was 25 (Fig. 16). According to  our experience, th e  num ber of con­
sum ed fish depends on th e  mass appearance o f th e  fry  of a  species of suitable 
size. The population  density  o f food-fishes an d  th e ir occurrence in  th e  stom achs 
o f pike-perches are in  d irect connection, indicating obviously th e  seasonal 
character o f n u tritio n  o f pike-perches in  Lake B alaton .
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F ig . 11. T he change o f sizes o f b ream  ( A bram is bram a) in  th e  food o f  p ike-perches d u ring
d iffe ren t m o n th s  in  1970

The observed weight of stomach-content

In  1970 th e  average food per pike-perch was 6.3 g, an d  th e  average per 
one stom ach containing food was 7.8 g (Fig. 17). In  1971 these d a ta  were 4 
an d  8.3 g, respectively (Fig. 18). Those d a ta  give only some orien ta tion , since 
th ey  are n o t in  connection w ith  th e  digestion ra te .

The d istribu tion  o f th e  num ber o f individuals as well as th e  percentage 
of pike-perches w ithin th e  stom ach-content weight-groups showed a p a tte rn  
sim ilar to  th e  d istribu tion  o f th e  num ber of food-fishes: th e  m ass of stom ach- 
contents was 0.1 — 5.0 g in  nearly  46 percent, 5.1 -1 0  g in  30 percent, and  
larger weights o f stom ach-contents were found only in a less num ber of pike-
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F ig . 12. T he 'ch an g e  o f  sizes o f  b ream  (A b ra m is  bram a) in  th e  food o f  p ike-perches d u ring
d iffe ren t m o n th s  in  1971

F ig . 13. T he size d is tr ib u tio n  o f  ro ach  (R u tilu s  ru tilu s)  in  th e  food o f p ike-perches d u ring
1970
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F ig . 14. T he size d is tr ib u tio n  o f  ro ach  ( R u tilu s  ru tilu s )  in  th e  food o f  p ike-perches d u rin g
d iffe ren t m o n th s  in  1971

perches (Figs. 19 an d  20). The d istrib u tio n  o f th e  num ber o f individuals 
w ithin th e  stom ach-conten t weight-groups, th e  averages o f th e  groups, th e  
num erical values of deviation  an d  v aria tio n  coefficient are near to  each o ther 
showing a  sim ilar tre n d  during th e  d iffe ren t m onths. The values in  1971 were 
ra th e r th e  sam e, however, th e  num ber o f pike-perches eating  10 — 20 g in ­
creased. Nevertheless, th e  deviation  fro m  th e  average in  every weight-group 
of stom ach-contents was a  m uch lower value as com pared to  th a t  o f th e  p rev i­
ous year. W ith  th e  increase o f a c tu a l w eight o f th e  stom ach-contents th e  n u m ­
ber of pike-perches decreases. Only a  few pike-perch m ay have o p p o rtu n ity  
to  consume an  am ount o f fishes reaching 10 percen t o f th e  average body  w eight 
for a prolonged tim e because of th e  seasonal changes of th e  population  density  
of th e  food-fishes.

Digestion rate and feeding intensity

The increase of th e  average tem p era tu re  o f th e  w ater results in a  more 
rap id  digestion, accom panied b y  an  increase o f th e  in ten sity  o f n u tritio n  and  
more frequen tly  repeated  incorporation o f food (Table I I I ) .  The ra te  o f d i­
gestion (the tim e necessary for th e  em ptying o f th e  stom ach) an d  th e  average, 
m onthly  num ber o f food incorporations are closely, significantly  correlated 
(P <  0.001).

Food consumption

The food consum ption estim ated  on th e  basis of m ethod  of B a j k o v  
(1935) an d  F o r t u n a t o v a  (1950), re la ted  to  th e  ra te  of digestion, indicates 
a  low level o f food tu rn o v er in  th e  w eight group investigated . The daily  and  
m onth ly  food consum ption depending on th e  tem p era tu re  an d  ra te  o f digestion 
are low, in  1970 th ey  am ounted  to  3 .2—3.9 an d  52—61.4 g, respectively, in 
average. T he am o u n t o f food consum ed during  th e  period o f investigations 
was 307 and  260 g per one pike-perch ( Fig. 21). A n increased food consum ption 
was observed during Ju n e  and  A ugust, whereas during M ay, J u ly  an d  Septem ­
ber food consum ption decreased. The resu lts ob tained  during  1971 strongly  
differ from  those of th e  previous year in  so fa r as th e  daily  an d  m onth ly  food
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F ig . 15. T he  p e rc e n tu a l d is tr ib u tio n  o f p ike-perches o f 300 — 500 g b o d y  w eigh t according 
to  th e  n u m b er o f fish -rem ains found  in  th e ir  s to m ach s d u rin g  d iffe ren t m o n th s  in  1970
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F ig . 16. T he p e rcen tu a l d is tr ib u tio n  o f  p ike-perches o f  300—500 g b o d y  w eigh t accord ing  
to  th e  n u m b er o f  fish -rem ains found  in  th e ir  stom achs d u rin g  d iffe ren t m o n th s  in  1971
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F ig . 17. The a m o u n t o f  food p e r  one p ike-perch  sto m ach  (up p er p a r t)  an d  p e r one s tom ach  
co n ta in in g  food (low er p a r t ,  in  g) d u rin g  1970

1 П П  Гl í
1971

[ L

VI. VII. vili. IX. XI. mean

F ig . 18. T he a m o u n t o f  food in  g  p e r  one p ike-perch  s to m ach  (upper p a r t)  a n d  p e r one 
food-con ta in ing  s to m ach  (lower p a r t)  in  1971

T A B L E  I I I

The rate o f digestion depending on the m onthly  
average temperature o f Lake B a la ton  as well as the average 

frequency o f food uptakes during  d ifferent m onths

Year Month T V 7 i

1970 May 15.5 2.75 66.2 11.2
June 20.7 1.85 44.5 16.2
Ju ly 21.1 1.79 43.0 17.3
August 22.7 1.63 39.2 19.0
Septem ber 18.4 2.17 52.3 13.8

• 1971 June 20.3 1.90 45.7 15.8
Ju ly 21.9 1.72 41.2 18.0
August 23.7 1.54 36.9 19.5
September 15.8 2.69 64.6 11.5
November 8.1 6.74 161.8 4.6

T =  average w ater tem perature (°C); V =  tim e of digestion in  days; у  =  tim e of digestion 
in  hours ( =  duration  of emptying of th e  stomach); i =  num ber of food uptakes per m onth. 
The d a ta  are calculated on the basis of equation describing th e  logarithmic relationship of tem ­
perature and digestion according to  Moi.NAк et al. (1967):

у  =  —1.3759 • logT  +  3.4589
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1970
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Д п я
V. VI. VII. Vili. IX. m e a n

F ig . 19. T he p e ro en tu a l d is tr ib u tio n  o f p ike-perches o f  300 — 500 g b o d y  w eigh t accord ing  
to  th e  to ta l  w eigh t o f th e  s to m ach -co n ten ts  a s  w ell as to  th e  value  o f  food-coefficient

in  1970

consum ptions displayed an  alm ost continuous decrease from  Ju n e  till N ovem ­
ber (Fig. 22). The daily  consum ption reached 2.2—3.6 g, th e  m onthly  28.7 —
56.5 g, thus, th e  am ount of food consum ed b y  one pike-perch during th e  five 
m onths of th e  investigations can be estim ated  as 144—283 g. There is also a 
close, significant correlation betw een th e  tem p era tu re  of w ater an d  the  am ount 
o f food consumed. The reason of decreased food consum ption observed in  1971 
is n o t known, presum ably  some environm ental changes were responsible.

Daily and monthly rations

The daily  and  m onth ly  food ra tions are low. The evaluations b y  th e  tw o 
m ethods resu lted  in  0.82—0.99 percent an d  13.34—15.74 percent, respectively 
for 1970. Their dependence on th e  tem p era tu re  is highly significant. N early
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F ig . 20. T he p e rc e n tu a l d is tr ib u tio n  o f  p ike-perches o f  300—500 g b o d y  w eigh t accord ing  
to  th e  to ta l  w eigh t o f  th e  s to m ach -co n ten ts  as w ell as to  th e  values o f  food-coefficient

in  1971

iden tical b u t low values were calculated  during M ay and  Septem ber, Ju ly  
showed in term ediary  values, th en  higher b u t alm ost identical ones were found 
in  Ju ly  an d  A ugust (Fig. 23). D uring th e  five m onths of investigations in 
1970, th e  am ount o f food consum ed b y  one pike-perch reached only 67 — 79 
percen t o f th e  average body  weight.

In  1971 th e  decreasing tendency  o f daily  an d  m onth ly  food ra tions were 
characteristic sim ilarly to  th e  food consum ption. T hey  were 0 .4—0.9 percent 
daily  an d  7.35—14.49 percent m onth ly  in  average, an d  obviously are extrem ely  
low, since one pike-perch could consum e only 37 — 72 percen t of its  ow n body 
w eight during th e  period o f J u n e —Novem ber (except October) (F ig . 24). 
The estim ated  food consum ption an d  its  ra te  to  th e  average body  w eight 
evidence th a t  pike-perches of 300 — 500 g weight group representing the  m ajority
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Fig. 21. T he  d a ily  an d  m o n th ly  food co nsum ption  o f a  p ike-perch  o f  390 g average  b o d y  
w eigh t, in  g  d u rin g  1970, ca lcu la ted  on  th e  basis o f  ra te  o f  d igestion  using  th e  m e th o d  o f 

B a jk o v  (1936) an d  F ortunatova  (1950)

of th e  catcheable portion  o f th e  population  in  th e  lake are underfed. This p a r t 
of th e  pike-perch stock is usually  represen ted  b y  3 —4 or ö fte r 5-year-old 
specim ens.

D isc u ss io n

Sum m ing up  th e  resu lts o f a  series of investigations sp read  over several 
years, one can establish th a t  th e  foodof pike-perch in L ake B alaton  is reprezented  
o f 10— 15 species o f fish  vary ing  according to  season. In  th e  stom achs 2 —3 
species appear in  masses. Among th e  la tte r  th e  significance o f b leak gradually  
increased  against ru ff form ing an  alm ost decisive m ajo rity  in th e  food during 
th e  form er years (W oynárovich , 1959). Occasionally extensive cannibalism

12
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Fig. 22. T he  daily  an d  m o n th ly  food consum ption  o f  a  p ike-perch  o f 390 g average  b o d y  
w eigh t, in  g  d u rin g  1971, ca lcu la ted  o n  th e  basis o f  ra te  o f  d igestion  using  th e  m e th o d  o f  

B a jk o v  (1935) an d  F ortunatova  (1950)

h ad  been observed am ong th e  pike-perches belonging to  th e  size groups in ­
vestigated , th e  reason of which can be searched in th e  decrease of th e  population 
density  o f fish species living near th e  b o ttom  and  th e  pike-perch fry  living 
in  th e  sam e region are available for th e  older predators. The increase o f th e  
food-fish species also indicates th a t  th e  population  density  of th e  food-fishes 
decreased and  th e  pike-perches tak e  food from  th e  litto ra l zone, th e  upper 
an d  deeper areas o f th e  open w ater and  from  th e  areas of water-weed, too. 
The appearance of five new species in  th e  food cannot be neglected. They are: 
Leucaspius delineatus, Tinea tinea, Carassius carassius, Anguilla anguilla an d  
Neogobius fluviatilis. The las t one ab ru p tly  p ropagated  in L ake B alaton  
in  1970 (B ir ó , 1972a) and  gradually  becam e significant for pike-perch. T he 
rem ains of mussels and  w ater-w eed fragm ents frequen tly  found in th e  stom achs
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F ig . 23. T he daily  a n d  m o n th ly  ra te s  o f food o f  a  p ike-perch  o f 390 g average  body  w eigh t
d u rin g  d iffe ren t m o n th s  in  1970

could passively have got in during predation . T he increase o f th e  num ber 
o f Cyprinids living in th e  litto ra l zone an d  near th e  surface in  th e  food as well 
as th e  yearly  changing w ater-level can be b rough t in to  close re la tion  w ith  
each other.

Surveying th e  papers analyzing th e  food o f pike-perch in L ake B alaton , 
one can see th a t  th e  highest frequency was reached b y  th e  ru ff  (Acerina cer- 
nua) an d  th e  pike-perch fry  (Lucioperca lucibperca), fu rtherm ore th e  ra tes 
of bleak (Alburnus alburnus) as well as sichel (Pelecus cultratus) were also 
considerable ( L u k á c s , 1932a; 1932b; E n t z  and  L u k a c So v i c s , 1957; W o y n á - 
ROVICH, 1959). The q uality  of th e  food strongly  changed a f te r  1965, since 
beside th e  Percids th e  bleak becam e of an  ever increasing significance (B iró  
and  E l e k , 1969) fu rth e r supported  now b y  th e  investigations o f th e  years 
1 9 7 0 -7 1 .

The seasonal changes of th e  com position of food are induced firs t of all 
by  the  availab ility  and  density  of fry  of th e  food-fishes. Sometimes extensive 
cannibalism  can be observed am ong th e  pike-perches of L ake B alaton  which 
m ay indicate th e  absence of o ther forms o f food, an d  th e  high m orta lity  ra te  
observed am ong th e  fry  in th e  firs t sum m er (Biró , 1972b) can be some k ind  
o f an  explanation  to  it. The pike-perch population  m aintains a self-regulation
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F ig . 24. T he  d a ily  a n d  m o n th ly  ra te s  o f food o f a  p ike-perch  o f 390 g average  body  w eight
d u rin g  d iffe ren t m o n th s  in  1971

by  consum ing th e ir own fry  and  regulates th e  o ther prey-fish populations 
to  a  variable ex ten t b y  selecting th e  groups o f sizes preferred (E o r t u n a t o v a , 
1957). The niche o f pike-perch w ithin th e  ecosystem  of Lake B alaton  can be 
in te rp re ted  principally  th rough  th is  effect.

The change in  th e  ra tes of pike-perches w ith  em pty  stom ach and  w ith  
food m ust be analyzed w ith  reservations, since th e  ac tua lly  em pty  stom ach 
in  itse lf does n o t wholly indicate an  insufficiency o f th e  food. I t  is more likely 
a  physiological necessity, since th e  digestion depends on th e  tem peratu re  
o f th e  w ater an d  th e  la tte r  determ ines th e  feeding in ten sity  even in  th e  case 
of good food supply. L u k á c s  (1932a) found th e  stom ach to  be em pty  in 27 
percen t o f th e  anim als, E n t z  an d  L u k a c s o v ic s  (1957) observed th e  sam e in 
22—75 percent, whereas W o y n á r o v ic h  (1959) reported  on a  yearly  average 
o f 37 percent. E x tensively  v ariab le  ra te s  were observed betw een 1965 and  
1971 b y  us, th e  ra te  o f pike-perches w ith  ac tua lly  em pty  stom ach varied  
betw een 19 an d  59 percent (c.f. B ir ó  an d  E l e k , 1969). W o y n á r o v ic h  (1959) 
concluded on th e  basis o f th e  high num ber of em p ty  stom achs th a t  pike- 
perches sta rv e  an d  if  we neglect th e  physiological significance o f the  em pty  
stom ach, even our d a ta  ind icate  th e  insufficiency of th e  food to  a  g reater 
ex ten t th an  a  decade before.
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A p art from  th e  quality  of th e  food, th e  q u an tita tiv e  com parisons re ­
vealed a m ore d isadvantageous direction o f changes. The daily  food consum ed 
depending on th e  ra te  of digestion reaches as a rule 1 percent of th e  body weight 
of th e  pike-perch, and  w hat is m ore in  1971 i t  was below th is  level. The daily  
food am oun t of pike-perch varied  betw een 1 — 4 g in th e  m ajo rity  o f cases, 
representing an  insufficient q u an tity . The slow grow th is a  consequence of 
th e  undernourishm ent, observed b o th  in  fry  an d  in  older fish (Bíró , 1970; 
1972b).

The investigations on young pike-perches o f 0.19 — 13.3 g body weight 
( P o l t a v c h u k , 1965) revealed a  food coefficient 3.2—3.9 (average: 3.5) re ­
m aining unchanged betw een 11 an d  26° C. Z a m o js k a  (cit. B a c k ie l , 1971) 
investigated  th e  age group 0 +  k ep t in  cages in  tem pera ted  fish-ponds of 
23 — 28° C an d  found a coefficient of 2 .8—5.9 w ithou t tem p era tu re  dependence. 
I v a n o v a  (1968) also stud ied  pike-perches using th e  m ethod  o f F o r t u n a t o v a  
an d  found th e  following values: 1.4 a t  age groups 2-f- an d  4-)-; 5.1 a t  age 
groups 5 +  an d  7 -f . The value of th e  food coefficient changes w ith  th e  age 
however, i t  is also bears re la tion  w ith  th e  body  size (B a c k ie l , 1971). In  our 
investigations th e  daily  am oun t of food was 1—4 g. The tim e o f digestion 
o f th a t  am ount depends also on th e  quality  o f th e  food (W i n d e l l , 1966; 1967; 
P o p o v a , 1967; B a r r in g t o n , 1957; H u n t , 1960).

Considering e ither th e  daily  or th e  m onth ly  values o f food consum ed 
by  th e  pike-perch of L ake B alaton , one has to  conclude th a t  th ey  are underfed. 
Com paring th is  fac t w ith  th e  eutrophication  of th e  lake, i t  is d ifficult to  ex­
p lain  w hy th e  food o f pike-perches has decreased since th e  investigations 
of W o y n á r o v ic h  (1959). The explanation  lies in  th e  drop o f th e  populations 
o f food-fishes already  described (Biró an d  E l e k , 1969). The insufficiency of 
miscellaneous food is ind icated  b y  th e  second-th ird  place occupied b y  th e  pike- 
perch fry  in  th e  stom ach-contens o f older pike-perches. Thus, th e  food-com ­
petition  becomes som etimes o f high significance. C om petition for th e  pike- 
perch fry  w ith  o ther fish-species become sharper in  th e  regions o f 100—300 m 
w idth  near th e  shore. On th e  basis of all these considerations, i t  is justifiable 
to  assum e th a t  th e  density  o f food dim inished owing to  pollution an d  toxic 
substances fu rth e r decreases an d  an  increasing interspecific com petition is 
a t  issue. Our observations regarding th e  food of pike-perches support th e  earlier 
findings re la ted  to  th e  grow th o f th is species (Biró, 1970).

Sum m ary

The stom ach-contents of 3347 pike-perches o f 300—500 g body w eight 
were analyzed during 1970 an d  1971. T he food is com posed of 10 fish species 
to  a seasonally variable ex ten t. Am ong them  only 2 —3 p lay  a  decisive role 
owing to  their frequency o f occurrence. T hey  are th e  b leak ( Alburnus albur- 
nus), th e  ru ff  (Acerina cernua)  an d  th e  pike-perch fry  (Lucioperca lucioperca). 
W hen th e  fry  appear, th e  food consists alm ost exclusively of them . The m ost 
com m only fed size-groups o f each food-fish species can clearly be determ ined 
from  th e  sizes o f fishes found in  th e  stom achs.

The stom achs o f pike-perches investigated  as a  ru le  contained 1—2 fish, 
a p a rt from  those having an  ac tua lly  em p ty  stom ach .The num ber o f fish con­
sum ed depends am ong others on th e  mass appearance o f fry  of su itab le sizes.
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T he value o f food coefficient in  th e  m ajo rity  o f cases was 0.02—2.6 (76 p e r­
cent), and  values betw een 2.6 an d  5.1 were encountered in  ab o u t 17 percent 
o f th e  predators. The food consum ption is insufficient, since th e  daily  am ount 
of food is only 1—4 g. Accordingly, also the  food ra te  is very  low, hard ly  
reaching th e  value of 1 percen t o f body w eight during b o th  years.

F ive new species of fish were found in  th e  food of th e  pike-perch of 
L ake B alaton  which were no t consum ed form erly. Am ong them  th e  Neo- 
gobius fluviatilis m ay la te r achieve g reater significance because o f its mass 
appearance and  propagation  observed during recent years.

R E F E R E N C E S

B a c k ie l , T. (1971): P ro d u c tio n  an d  food co nsum ption  o f  p re d a to ry  fish  in  th e  V istu la  
R iv e r. —- J .  F ish . B io l. 3, 369— 406.

B a jk o v , A . D . (1935): H ow  to  e s tim a te  th e  d a ily  food co nsum ption  o f  fish  u n d e r n a tu ra l  
cond itions. T rans. Arner. F ish . Soc. 65, 288— 289.

B a r r in g to n , C. J .  W . (1957): T he  a lim e n ta ry  can a l an d  d igestion , p p . 109— 161. - In : 
B r o w n , M. E . (E d .) The Physiology of F ishes, Vol. I . N ew  Y ork , A cad . P ress In c .

B e r in k e y , L. (1958): T h e  osteo logy  o f  Lucioperca lucioperca  an d  Lucioperca volgensis. —• 
A n n á l. H is t .-N atur. M u s . N a t. H ung . Ser. nov. 9, 313—329.

B e r in k e y  L . (1966): H a la k  —  Pisces. —  F a u n a  H ung . 79. A ka d ém ia i K ia d ó , B udapest.
B ír ó , P ., E l e k , L. (1969): T he  sp ring  an d  su m m er n u tr i t io n  o f  th e  300— 500 g p ike- 

p erch  (Lucioperca lucioperca  L .) in  L ak e  B a la to n  in  1968. I .  D a ta  bearing  re la tio n  
to  th e  n u tr it io n a l cond itions succeeding th e  d e s tru c tio n  o f  fish  in  1965. —  A n n á l. 
B iol. T ih a n y  36, 135— 149.

B ír ó , P . (1969): T h e  sp ring  an d  su m m er n u tr i t io n  o f  th e  300— 500 g  p ik e-p erch  (L u c io ­
perca lucioperca  L .) in  L ak e  B a la to n  in  1968. I I .  T he  ca lcu la tion  o f  th e  co n su m p ­
tio n , d a ily  an d  m o n th ly  ra tio n s . —  A n n á l. B io l. T ih a n y  36, 151— 162.

B ír ó , P . (1970): In v e s tig a tio n  o f  g row th  o f  p ike-perch  (Lucioperca lucioperca  L.) in  L ak e  
B a la to n . —  A n n á l. B io l. T ih a n y  37, 145— 164.

B ír ó , P . (1972a): N eogobius flu v ia tilis  in  L ak e  B a la to n  —  a  P o n to -C asp ian  go b y  new  
to  th e  fa u n a  o f  c en tra l E u ro p e . —  J .  F ish . B io l. 4, 249—255.

B ír ó , P . (1972b): F ir s t  su m m er g ro w th  o f  p ike-perch  (Lucioperca lucioperca  L .) in  L ak e  
B a la to n . — A n n á l. B io l. T ih a n y  39, 101— 113.

D y k , V. (1956): N ase  ry b y . —  Ceskosíovenska A ka d . Véd. Praha.
E n t z , В ., L u k a c so v ic s , F . (1957): V izsgála tok  a  té li fé lévben  n éh án y  b a la to n i h a l t á p ­

lá lkozási v iszonya inak  m egism erésére . —  A n n á l. B io i. T ih a n y  24, 71— 86.
F o r t u n a t o v a , K . R . (1950): Ф ортунатова К. P .: Биология питания Scorpaena porcus L. 

— Tp. севастопол. биол. Ста. 7, 193—235.
F o r t u n a t o v a , К . R . (1957): Ф ортунатова К. Р .: Н екоторые данные о влиянии хищников 

на размерный состав популяции рыб. — Зоол. журнал 36: 575—586.
H u n t , В. (1960): D igestion  r a te  a n d  food co n su m p tio n  o f  F lo r id a  g ar, w a rm o u th  an d  

la rg em o u th  bass . —  T rans. A m er. F ish . Soc. 89, 206— 210.
I v a n o v a , M. N . (19 68): Иванова M. H.: Пищевые рационы и кормовые коеффициенты хищ­

ных рыб в Рыбинском водохранилищ е.— АН СССР, Инст. Биол. Внутр. Вод, 
Труды 17 (20): 180—198. Сборник выд. Б. С. Кузин, Изд. «Наукаи-Ленинград.

L u k á c s  К . (1932 a): A  b a la to n i fogasról. —  Term . T u d . K özi. 64, 3.
L u k á c s  K . (1932 b): A  B a la to n  h a la in a k  gyako riságáró l. —  M agy. B io i. K ú t. M ű n k .  

5, 17— 27.
M o l n á r , Gy ., T a m á s s y , E ., T ölg , I . (1967): T he  g a s tric  d igestion  o f  liv ing  p re d a to ry  

fish , p p . 135— 149. —  In :  G e r k in g , S. D. (E d .) The Biological B a s is  of F resh ­
water F ish  Production, B lackw ell Se i. РиЫ . Oxford.

P o l t a v c h u k , M. A . (1965): П олтавчук M. А.: Биология и разведение днепровского 
судака в замкнутых водоемах. — АН СССР, «Наукова Думка», Киев, 1—257.

P o p o v a , О. А . (1967): T he  p re d a to r-p re y  re la tio n sh ip  am ong  fish , p p . 359— 376. In :  
Ge r k in g , S. D . (E d .) The Biological B a s is  of Freshw ater F ish  P roduction, B lack- 
well S e i. РиЫ . Oxford.



183

Se b e s t y é n  О. (1967): A  kem izáció  k ih a tá sa  vízi ekoszisz tém ákban . —  M T A  V . Oszt. 
K özi. 18, 389— 391.

U n g e b , E . (1931): A lte r  u n d  W ach stu m  d e r  zwei Z a n d e ra rte n  des B ala ton-S ees. —  
Verh. d. I n t .  Ver. fü r  Lim nologie  5, 315— 430.

V á s á r h e l y i I .  (1956): A d a to k  a  p o n ty fé lé k  to rok fogga l való  m egh a tá ro zásáh o z . —
B orsodi Szem le  2, 3 — 16.

W in d e l l , J .  T . (1966): R a te s  o f  d igestion  in  b lueg ill sunfish . —  Invest. In d ia n a  Lakes  
Stream s  7, 186— 214.

W in d e l l , J .  T . (1967): R a te s  o f  d igestion  in  fishes, p p . 151— 173. —  In : Ge r k in g , S. D . 
(E d .) The B iological B a s is  of Freshw ater F ish  P roduction, B lackw ell S e i. P ubl. 
Oxford.

W o y n á bo v ich , E . (1958): E in  G erä t zu r q u a n ti ta t iv e  P rü fu n g  des M agen inhaltes von 
R au b fisch en . -— Z . fü r  F ischerei 7, 549— 553.

W oy ná ro vich  E . (1959): A  300— 500 g sú ly ú  (IV . osz tá lyú ) süllő (Lucioperca Sandra  
C uv . e t  V a l .) táp lá lk o zása  a  B a la to n b an . —  A n n á l. B io i. T ih a n y  26, 101— 120.

A FO G A SSÜ L L Ő  (L U C IO P E R C A  L U C IO P E R C A  L .) T Á P L Á L É K A
A  B A L A T O N B A N

B iró  Péter 

Összefoglalás

1970—71 években  3347 db , 300 — 500 g sú ly ú  fogassüllő g y o m o r ta r ta lm á t a n a li­
z á ltu k . A  tá p lá lé k o t szezonálisan  változó  m érték b en  k b . 10 ha lfa j a lk o tja , ezek közül 
2 — 3 fa jn ak  v a n  gyakorisága  a la p já n  d ön tő  jelen tősége. E zek  a  küsz ( A lburnus a lburnus)  
vágódurb incs ( A cerina  cernua) és a  fogassü llő -ivadék  (Lucioperca lucioperca). A z  iv a d é k ­
h a la k  m egjelenésével a  tá p lá lé k  csaknem  k izáró lag  ezekből áll. A  g y o m ro k b an  ta lá l t  
tá p lá lék h a lak  m ére te ibő l v ilágosan  m eg á llap íth a tó , ho g y  m elyék  a  leg á lta lán o sab b an  
fo g y asz to tt m ére tcso p o rto k  a  kü lönböző fa joknál.

A  ta n u lm á n y o z o tt m é re tc so p o rtú  sü llők  g y o m ra  á lta lá b a n  1 — 2 db  h a la t  t a r t a l ­
m a z o tt, leszám ítv a  a  p illan a tn y ilag  ü res g yom rú  h a la k a t. A z e lfo g y asz to tt h a la k  szám a 
— tö b b e k  k ö z ö tt — egy-egy faj a lka lm as m é re tű  iv ad ék a in ak  töm eges m eg jelenésétő l 
függ. A  tá p lá lé k  e g y ü tth a tó  é rtéke  az e se tek  többségénél 0,02 — 2,6 k ö zö tti (kb . 76% -nál), 
2,6 — 5,1 k ö zö tti é r té k e t a  sü llőknek  kb . 17% -ánál ta lá ltu n k . A  táp lá lék fo g y asz tás  nem  
kielégítő  m é rték ű , m e r t a  m eg ev e tt h a la k  töm ege n a p o n ta  1 — 4 g. E n n e k  m egfelelően 
a  tá p lá lé k  a rá n y  is igen alacsony , am elynek  n a p i é rtéke  m in d k é t v izsgála ti évben  alig  é rte  
el a  ragadozó  te s tsú ly á n a k  1% -át.

A  b a la to n i fogassüllő táp lá lék áb ó l 5 ú ja b b  ha lfa j k e rü lt elő, am ely ek e t k o rá b b a n  
nem  fo g y asz to tt, s ezek közül nagyobb  je len tőségűvé, az u tó b b i években  észlelt töm eges 
elszaporodása  m ia t t  a  N eogobius flu v ia tilis  v á lh a t.
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